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(54) A circuit and method for regulating voltage 

(57) A circuit and method for providing an efficient 
voltag regulator is disclosed. The voltage regulator 
us s a switching mode power supply, a linear regulator, 
and a feedback loop having an output connected to the 



feedback input of the switching mode power supply so 
that the switching mode power supply provides an out- 
put voltage responsive to the voltage drop across the 
voltage regulator 
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D scription 

This invention relates to electronic circuits used to 
regulate voltages and nnore specifically to high efliciency 
voltage regulators used in the automotive industry. 

The problenn addressed by this invention is encoun- 
tered in the automobile industry, where automobile en- 
gines are now controlled by sophisticated process con- 
trollers. Automobile performance requirements have in- 
creased with tighter government emissbn requirements 
and fuel economy regulations, while customer expecta- 
tions have required increased reliability: Automobile 
manufacturers have responded to the increasing de- 
mands by using more microcomputers and electronics. 
Consequently, automobile manufacturers are requiring 
electronics manufacturers to provide circuits capable of 
operating in harsh operating conditions of an automobile 
and yet have smaller packages, higher degrees of inte- 
gration, lower power consumption, and higher reliability, 
at a low cost. 

To meet these demands, it is desirable to have a 
highly efficient method for providing a regulated voltage 
to the sophisticated electronics in an automobile. Figure 
1 shows a voltage regulator in the prior art. The linear 
voltage regulator 10 would receive an unregulated bat- 
tery voltage Vbatt to provide a regulated output voltage 
Vout. The unregulated battery voltage Vbatt 1 2 varies 
from around 12 volts to around 14.5 volts. The regulated 
output voltage is typically 5 volts, providing around 1 amp 
of current- The problem with this approach is that the lin- 
ear voltage regulator is very inefficient. In this example, 
the linear voltage regulator would be dissipating at least 

(1 2v-5v) (1 amp)= 7 watts 
of power. It is generally known that dissipating 7 watts in 
an integrated circuit requires significant packaging and 
heat sinking considerations. Even with the appropriate 
packaging, reliability may still be an issue because of the 
wide temperature ranges of an automotive environment. 

Figure 2 shows a conventional approach for improv- 
ing the efficiency of the circuit in figure 1 . Figure 2 shows 
a battery voltage Vbatt powering a switching mode pow- 
er supply 22 (SMPS). Switching mode power supplies of 
the type shown are taught in such text books as High 
Frequency Switching Power Supplies... Theory and De- 
sign by George Chryssis and is fully incorporated into 
this specification by reference. The SMPS 22 typically 
provides an 8 volt output 24 at about a 90% efficiency. 
The linear regulator uses the 8 volt output 24 and pro- 
vid s the same 5 volt 1 amp output as in figure 1. The 
power dissipated by this circuit is at least 

( 1 2v-8v){1 amp)( 1 0%)+(8v-5v)(1 amp)^3.4 watts 
of power. Although this is a significant improvement, 3.4 
watts of power dissipation will still require significant 
packaging and heat sinking consideratk)ns. 

In light of the above, it is therefore an object of the 
invention to provide a more efficient circuit for regulating 
voltages. 

It is another object of the invention to minimize the 



packaging and heat sinking considerations for a circuit 
for regulating voltage- 
It is yet another object of this inventbn to improve 
the reliability of a voltage regulator. 
5 These and other objects, features, and advantages 
of the invention will be apparent to those skilled in the art 
from the following detailed description of the invention, 
when read with the drawings appended claims. 

The invention can be summarized as a circuit and 
10 method for providing an efficient voltage regulator. The 
improved voltage regulator uses a switching mode pow- 
er supply, a linear regulator, and aieedback loop having 
an output connected to the feedback input of the switch- 
ing mode power supply so that the switching mode power 
IS supply provides an output voltage responsive to the volt- 
age drop across the voltage regulator. 

Fig. 1 is an electrical schematic of a voltage regula- 
tor as known in the prior art. 

Fig. 2 is an electrical schematic of a SMPS In series 
20 with a linear regulator as known in the prior art. 

Fig. 3 is electrical schematic of an embodiment of 
an efficient voltage regulator. 

Fig. 4 is electrical schematic of the preferred embod- 
iment of an efficient voltage regulator. 
2S Fig. 5 is an electrical schematic of an efficient volt- 
age regulator in an automobile system. 

An efficient voltage regulator constructed according 
to an embodiment of the invention will be described. 

Referring now to figure 3, a switching mode power 
30 supply (SMPS)32 receives an unregulated voltage Vbatt 
30. The lowered voltage output of the SMPS 32 at node 
34 is connected to a conventional linear regulator 36 
which presents a regulated voltage Vreg. A differential 
amplifier 40 has a first input connected to the lowered 
35 voltage at node 34 and has a second input connected to 
the regulated output Vreg 38. The first input can be the 
inverted input or the non- inverted input as the choice is 
matter of the designers preference. The differential am- 
plifier generates an error signal 44 which is connected 
40 10 the feed back input of the SMPS 32. 

In operatbn, the switching nrrcde power supply 30 is 
powered by Vbatt 30 and generates a lowered voltage 
at node 34. The linear regulator 36 is powered by the 
lowered voltage at node 34 and produces a regulated 
4S voltage Vreg at node 38. The feed back kx^p circuit 42 
operates by the differential amplifier 40 sensing the volt- 
age drop ( Vreg-V34) across the linear regulator and gen- 
erating an error signal 44 proportional to this voltage 
drop. The error signal 44 is fed back to the SMPS 32 so 
so that the SMPS 32 can provide a towered voltage at node 
34 which optimizes the voltage drop across the linear 
regulator. 

Figure 4 shows a detailed description of the embod- 
iment in figure 3. More specifically, the linear regulator 
ss 36 in figure 3 is describ d in detail in figure 4. 

In figure 4, the SMPS 52 is connect d to Vbatt at 
node 50 and provides a lowered voltage at node 54. The 
linear regulator 72 includes a pnp bipolar transistor 56. 
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a differential amplifier 62, a resistor 58. a resistor 60, and 
a band gap voltage reference 64. The emitter of transis- 
tor 56 is connected to SMPS 52 at node 54 and to a first 
input of differential amplifier 68. The collector of transis- 
tor 56 is connected to the second input of differential ann- 
plifier 68 and resistor 58. The other end of resistor 58 is 
connected to resistor 60 and the inverting input of differ- 
ential amplifier 62. The non-inverting input of differential 
amplifier 62 Is connected to a band gap voltage refer- 
ence 64. The output of differential amplifier 62 is con- 
nected to the base of transistor 56. The output to dlffer- 
OiTfe*'ofr,p!if4er-€&^s connected to the feedback input of 
the SMPS 52. 

In operation, the SMPS 52 is powered by Vbatt at 
node 50 and generates a lowered voltage at node 54 
which is used to power linear regulator 72. The linear 
regulator operates by controlling the conductivity of tran- 
sistor 56 based on the comparison of a band gap refer- 
ence voltage 64 to a scaled voltage. The scaled voltage 
is generated by resistors 58 and 60 placed in series 
across the output of linear regulator 72. The output volt- 
age is controlled by adjusting the ratio of resistors 58 and 
60 and/or adjusting the band gap reference voltage 64, 
as is w II known in the art. The differential amplifier gen- 
erates an error signal 70 proportional to the voltage drop 
across the pass element (transistor 56). The error signal 
is fed back to SMPS 52 so that the SMPS 52 can provide 
the optimal lowered voltage at node 54 to maintain the 
optimum voltage drop across transistor 56. 

In this preferred embodiment, a 1 volt voltage drop 
across transistor 56 results in an efficiency of the power 
used by the SMPS 52 + the power used by the linear 
regulator 72 which is 

(12v-6v) (la) (10%)-i-(6v-5v) (1a)= 1.6 watts 
of power. Therefore, the preferred embodiment offers the 
advantages of providing a more efficient circuit for regu- 
lating voltages. Consequently, the invention decreases 
the packaging and heat sinking considerations and im- 
proves the reliability of a voltage regulator by dissipating 
less power. 

Figure 5 describes the use of the efficient voltage 
regulator in an automobile. In figure 5, the battery has a 
negative terminal connected to chassis ground and a 
positive terminal connected to an alternator 82 and an 
efficient voltage regulator 84 (such as the one described 
in figure 4). The efficient voltage regulator 84 supplies a 
regulated voltage Vreg to the on tx>ard electronics of an 
automobile. The on board electronics 86 of an automo- 
bile may be an ignition control system, climate control 
system, on board diagnostics, and the like. 

In operation, the alternator converts the mechanical 
energy of an automobile motor into electrical energy, 
which is stored in the battery 80. The efficient voltage 
regulator 84 regulates the battery voltag for the on 
board electronics 86. The on board electronics 86 are 
used to increase th gas milage, lower emissions, and/or 
provide consumer features such as climate control. 

Although the invention has been described and il- 



lustrated with a certain degree of particularity, it is under- 
stood that the pr sent disclosure has been made only by 
way of example, and that numerous changes in the com- 
bination and arrangement of parts can be resorted to by 
s those skilled in the art without departing from the spirit 
and scope of the invention, as hereinafter claimed. 



Claims 

10 

1. A voltage regulator comprising: 

a switching mode power supply having an 
input for receiving a power source, having an output, 
and having a feedback input; 
75 a linear regulator having an input connected to 

the output of said switching mode power supply, and 
having an output for providing a regulated voltage; 
and 

a feedback loop having a first input connected 
20 to the input of said linear regulator, having a second 
input connected to the output of said linear regulator, 
for sensing the voltage drop across said linear reg- 
ulator, and having an output connected to the feed- 
back input of said switching rTK>de power supply so 
2S that the switching mode power supply provides an 
output voltage responsive to the voltage drop across 
said voltage regulator. 

2. An automobile system comprising a body, a drive 
30 train, an engine, electronic engine controllers, and 

a voltage regulator to provide the voltage for the 
electronic engine controllers wherein said voltage 
regulator comprises: 

a switching mode power supply having an 
35 input for receiving a power source, having an output, 
and having a feedback input; 

a linear regulator having an input connected to 
the output of said switching mode power supply, and 
having an output for providing a regulated voltage; 
40 and 

a feedback loop having a first input connected 
to the input of the input of said linear regulator, hav- 
ing a second input connected to the output of said 
linear regulator, and having an output connected to 
45 the feedback input ot said switching nrxxJe power 
supply so that the switching mode power supply pro- 
vides an output voltage responsive to the voltage 
drop across said voltage regulator 

50 3. The voltage regulator of claim 1 or claim 2 wherein 
said feedback loop comprises an amplifier. 

4. The voltage regulator of claim 1 or claim 2 wherein 
said lin ar regulator comprises a pass elem nt, a 

55 band gap ref rence voltage, and an amplifier. 

5. The voltage regulator of claim 4 wherein said pass 
element compris s a transistor 
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6. The voltage regulator of claim 6 wherein said tran- 
sistor comprises a bipolar transistor. 

7. The voltage regulator of claim 3 or claim 4 wherein 
said amplifier comprises a differential amplifer. 

8. The voltage regulator of claim 1 or claim 2 wherein 
said switching mode power supply, linear regulator, 
and feedback loop are integrated into a single inte- 
grated circuit. 
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9. A method for regulating voltage comprising thB 
steps ot: 

converting an unregulated voltage to a low- 
ered voltage by using a switching mode power sup- ^5 

ply: 

regulating the lowered voltage with a linear 
regulator; 

sensing the voltage drop across the linear reg- 

1 . 20 

ulator; 

controlling the switching mode power supply 
responsive to the voltage drop across the linear reg- 
ulator. 

10. The method of claim 9 wherein the step of sensing 2S 
the voltage is performed using an amplifier. 

11. The method of claim 9 wherein the step of sensing 
the voltage is performed using a differentia! ampli- 

30 

fier. 

12. The method of claim 9 wherein the step of regulating 
the lowered voltage further comprises the step of 
controlling the conductivity of a pass element. 

35 
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(54) A circuit and method for regulating voltage 

(57) A circuit and method for providing an efficient 
voltage regulator is disclosed. The voltage regulator us- 
es a switching mode power supply, a linear regulator, 
and a feedback loop having an output connected to the 



feedback input of the switching mode power supply so 
that the switching mode power supply provides an out- 
put voltage responsive to the voltage drop across the 
voltage regulator. 
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